###### Strengths and limitations of this study

-   The study includes a large number of patients.

-   The follow-up also includes patients discharged without surgery from the one-stop surgery clinic.

-   All data were collected retrospectively.

-   A recognised patient-reported outcome measure for carpal tunnel syndrome was not used.

Background {#s1}
==========

Increasing demands on the healthcare system call for exploration of new approaches to patient management. Carpal tunnel syndrome (CTS), which is the most frequent entrapment neuropathy, with an incidence of operative treatment of 0.6--1.7 per 1000 population with geographical variation,[@R1] leads to a considerable symptom burden and substantial direct and indirect medical and socioeconomic costs.[@R2] One-stop surgery (OSS) may reduce three hospital visits (surgical preassessment, surgery and follow-up) to a single visit. Hence, OSS has a potential to improve patient satisfaction and make the use of healthcare resources more efficient.[@R3]

Potential challenges with OSS include late consent from the patient and wasted theatre time in case of same day cancellation.[@R3] Another concern is that OSS can be associated with a substandard preassessment and that this may cause poor patient selection and worse outcome.

The aim of the present study is to evaluate the long-term symptom relief in a large population of patients referred for operative treatment of CTS in a neurosurgical department in Copenhagen. We hypothesise that OSS for CTS is safe and has a comparable outcome with that of non-OSS patients reported in the literature.

Previous studies of OSS for CTS, in highly preselected patients, reported a high quality outcome and patient satisfaction.[@R3] One study also included a same-day nerve conduction study in the OSS patient management.[@R4]

Material and methods {#s2}
====================

Study design {#s2a}
------------

This is a retrospective long-term follow-up study of 1003 patients discharged with or without CTS surgery from the neurosurgical OSS clinic from 2003 to 2009. Data were retrieved from patient files, and a team of two medical students and three medical doctors conducted long-term follow-up telephone interviews. Patients were excluded from the telephone interview follow-up if they were not able to understand Danish or English, had significant cognitive and/or hearing impairment or had emigrated from Denmark.

The study was approved by the Data Protection Agency j.nr. 2011-41-6315, and participants in the long-term follow-up interview gave their informed consent prior to the interview.

The patient flow from referral to discharge {#s2b}
-------------------------------------------

The neurosurgical department received referrals from general practitioners and neurologists. During the initial study period (2003--2007), all patients were offered an OSS appointment, as there was no preselection of patients for OSS. Later (2007--2009), we introduced preselection by a nurse-conducted telephone interview prior to the OSS appointment with the aim to screen out those patients unlikely to undergo OSS. Those patients were discharged directly from the telephone interview. In case of atypical presentation, inconclusive nerve conduction studies, pregnancy, history of relevant fractures or severe comorbidities, patients were offered a separate outpatient assessment instead of an OSS appointment before decision for surgery. Patient selected for OSS received written information about the procedure and an appointment. A diagram of the patient flow can be seen in [figure 1](#F1){ref-type="fig"}.

At the day of the OSS appointment, the surgeon performed a regular preassessment of the patient and, if indicated, performed surgery immediately afterwards. Patients were first operated on the side most affected. Patients with CTS in both hands, who had previously been operated with good symptom relief, were offered a new appointment for OSS on the opposite hand. During the study period (2003--2009), there was initially (2003--2005) no routine postoperative follow-up. Later (2006--2009), the outpatient nurse conducted postoperative follow-up by a telephone interview on day 1 and day 14 with the aim to identify postoperative complications requiring medical attention or guidance.

The standard surgical procedure was the endoscopic procedure with the single portal Wolf system.[@R6] The surgery was performed with local infiltration anaesthesia with up to 10 mL of Marcain-Adrenalin (5 mg/mL + 5 ug/mL) placed in the wrist and palm region without the use of a tourniquet. Open surgery was used in all reoperations and at the surgeon's individual choice, mostly in the case of severe compression with fixed neurological deficits and suspicion of a very narrow carpal tunnel. The surgeons were board certified neurosurgeons or trainees supervised by a board certified neurosurgeon.

Outcome measures {#s2c}
----------------

### Primary outcome: residual symptoms {#s2c1}

The 671 referred patients were evaluated by a structured telephone interview. Patients were first asked whether they had any residual symptoms at all. If the answer to this was 'yes', then specific enquiries were made about night-waking due to hand symptoms, hand weakness, aggravation of symptoms by hand activity, wrist pain and palm pain. Patients were also asked whether any of these symptoms were intermittent or continuous.

### Secondary outcomes: patient satisfaction scores and surgical complications {#s2c2}

Patients were asked to assess the following on a 10-point scale (1=very unsatisfied, 10=very satisfied) related to the effect of the surgery, the information level and the overall impression of the patient care and management.

The numbers and types of complications including suspected surgical site infections (SSIs) treated with antibiotics were recorded from the patient files and the long-term follow-up interviews.

The outcome measures were analysed in subgroups of (A) surgical technique (endoscopic, converted or a planned open procedure), (B) the surgeon and (C) patient characteristics as described in the demographic section. Six surgeons performed between 53 and 167 of the total 683 procedures. We pooled surgeons and supervised residents with less than 20 procedures in one group of total 52 procedures.

Statistical analyses {#s2d}
--------------------

Data were organised in a relational database. The statistical analyses were performed post hoc using the IBM SPSS Statistics 24 software with multivariate logistic regression analysis analysed for each symptom independently with the specific (or none) symptom as the dependent and the following predictors: no risk factor, polyneuropathy, diabetes, connective tissue disease, metabolic disorder, arthrosis, symptoms \>3 years, atrophy, excessive use of alcohol, age \>70 and obesity. Each subgroup of patient satisfaction scores (1--10) were tested independently by two-sample t-test between the group of patients with no residual symptoms against each group of patients with a specific comorbidity. The level of statistical significance level (p~uncorrected~) for the post hoc analysis was chosen at p\<0.05 (\*), p\<0.01 (\*\*) and p\<0.001 (\*\*\*).

Results {#s3}
=======

Descriptive statistics of the cohort {#s3a}
------------------------------------

A large majority (67%, n=671) of the 1003 patients in the original cohort (2003--2009) completed the follow-up interview and constituted the study population. Of the 671 included patients, 507 (78%) patients were discharged from the OSS clinic with surgery in one or both hands representing overall 683 carpal tunnel releases. An overview of the original cohort, the study population and the non-participants of both operated and non-operated patients can be seen in online [supplementary material](#SP1){ref-type="supplementary-material"}. Time from referral to follow-up was 56.5 months (15.3--103.6). The average age was 55 years (21--97) for the operated patients with 77% being female and 53 years \[26-89\] for the non-operated patients with 73% being female.
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###### Cohort and participants in the follow-up study

The majority (93%) of the operated patients had a neurophysiological evaluation. Patients referred without a neurophysiological evaluation were redirected for an electromyography (EMG) prior to the OSS appointment with the exception of distinct cases presenting a classical clinical picture and history of a successful operation on the opposite hand.

Relevant comorbidities for all patients in the follow-up study were polyneuropathy (5%), metabolic disorder (5%) primary myxoedema, connective tissue disease (9%), diabetes (14%), arthrosis and rheumatism (21%), obesity (14%) and excessive use of alcohol exceeding 14/21 units per week for women/men (7%). Other covariates were age above 70 years (16%), use of translator (1%), atrophy of the thenar (7%) and duration of symptoms \>3 years (22%). Of the operated patients, 53% were on medication, which were true for 26% of the non-operated patients.

Primary and secondary outcomes {#s3b}
------------------------------

### Good long-term symptom relief at follow-up {#s3b1}

At time of follow-up, a vast majority of the operated patients had relief of symptoms, and 66% of the operated patients ([table 1](#T1){ref-type="table"}) became completely free of even minor symptoms compared with 37% of patients discharged without surgery ([table 2](#T2){ref-type="table"}). The average self-reported satisfaction score of the effect of surgery was 9.0 on a 1--10 scale. Patients with arthrosis, polyneuropathy or atrophy had less symptom relief as compared with patients with none or other comorbidities ([tables 1 and 2](#T1 T2){ref-type="table"}).

###### 

Long-term residual symptoms and patient satisfaction scores after one-stop carpal tunnel surgery

  Comorbidities or risk factors of poor symptom relief   No risk factors   Polyneuropathy   Diabetes   Connective tissue disease   Metabolic disorder   Arthrosis   Symptoms \>3 year   Atrophy    Excessive use of alcohol   Age \>70      Obesity   \>1 Risk factor
  ------------------------------------------------------ ----------------- ---------------- ---------- --------------------------- -------------------- ----------- ------------------- ---------- -------------------------- ------------- --------- -----------------
  Number of operated hands (n)                           153               35               107        63                          40                   164         198                 *57 *      *51 *                      *117 *        *125 *    *279*
  Number of operated patients (n)                        120               25               75         44                          27                   117         148                 *48*       *36*                       *86*          *85*      *200*
  Hands (%) free of any symptom                          66                **43\*\***       62         62                          65                   **60\***    62                  65         61                         65            69        64
  Hands (%) with symptoms                                34                **57\*\***       38         38                          35                   **40\***    38                  35         39                         35            31        36
   Wake up at nights (%)                                 8                 14               6          14                          3                    10          5                   11         12                         9             7         9
   Constant symptoms (%)                                 12                **26\***         14         11                          15                   11          10                  **19\***   16                         16            10        13
   Weakness (%)                                          22                29               25         27                          15                   23          18                  23         20                         20            15        21
   Worsening (%)                                         18                **34\*\***       15         19                          18                   20          21                  18         25                         **9\***       20        18
   Paresthesies (%)                                      19                **49\*\***       31         32                          28                   **31\***    24                  32         27                         26            26        28
   Pain (wrist) (%)                                      14                17               10         16                          10                   13          11                  7          12                         9             12        11
   Pain (palm) (%)                                       7                 11               9          13                          10                   **11\***    7                   7          8                          7             6         8
   Self-reported VNRS score on a scale of 1--10 (mean)                                                                                                                                                                                                
   Effect of surgery in the hand                         9.0               8.9              8.9        8.6                         9.0                  8.8         9.1                 8.9        9.1                        9.1           8.9       9.0
   Level of information                                  8.9               8.9              8.6        9.1                         8.9                  8.9         9.0                 9.1        8.7                        **9.5\*\***   9.0       9.1
   Overall impression                                    8.9               8.9              8.8        8.5                         8.5                  8.8         9.0                 8.9        9.2                        9.1           8.8       8.9

The numbers of operated hands and patients are listed according to predictors of comorbidity, duration of symptoms \>3 years, atrophy of the thenar and age \>70 years. The percentages of operated hands with none or residual symptoms are listed accordingly. The level of statistical significance (p~uncorrected~) for the post hoc analysis was p\<0.05 (\*), p\<0.01 (\*\*) and p\<0.001 (\*\*\*). The patient satisfaction scores (1--10) are given as average scores. VNRS, verbal number rating scale.

###### 

Long-term residual symptoms and patient satisfaction scores in non-operated patients discharged from the OSS clinic

  Comorbidities or risk factors         No risk factors   Polyneuropathy   Diabetes   Connective tissue disease   Metabolic disorder   Arthrosis   Excessive use of alcohol   Age \>70   Obesity   \>1 Risk factor
  ------------------------------------- ----------------- ---------------- ---------- --------------------------- -------------------- ----------- -------------------------- ---------- --------- -----------------
  Number of patients (hands)            *82*              *7*              *18*       *12*                        *3*                  *18*        *8*                        *20*       *8*       *26*
  Hands (%) free of any symptom         37                29               39         39                          33                   11 \*       38                         50         38        35
  Hands (%) with symptoms               63                71               71         61                          67                   89 \*       63                         50         63        65
   Wake up at nights (%)                21                43               43         28                          67                   33          38                         10         25        31
   Constant symptoms (%)                18                43               43         33                          67                   28          25                         15         13        27
   Weakness (%)                         38                43               43         33                          33                   44          50                         25         50        42
   Worsening (%)                        43                71               71         61                          67                   61          50                         35         50        50
   Paresthesies (%)                     54                71               71         56                          67                   67          63                         45         38        50
   Pain (wrist) (%)                     21                43               43         33                          33                   17          13                         20         25        23
   Pain (palm) (%)                      11                29               29         17                          0                    0           13                         10         13        8
  Self-reported score of 1--10 (mean)                                                                                                                                                              
   Effect of surgery in the hand                                                                                                                                                                   
   Level of information                 7.8               6.6              7.8        7.7                         7.7                  7.0         6.3                        7.7        7.3       6.6
   Overall impression                   7.8               7.0              8.4        7.4                         7.3                  6.9         6.9                        6.7        7.8       6.2

The numbers of patients discharged without surgery from the OSS clinic that did not have surgery later on in another facility (n=145). The patients are listed according to comorbidity and other covariants of duration of symptoms \>3 years, atrophy of the thenar and age \>70 years. The percentages of operated hands with none or residual symptoms are listed accordingly. The level of statistical significance (p~uncorrected~) for the post hoc analysis was p\<0.05 (\*), p\<0.01 (\*\*) and p\<0.001 (\*\*\*). The patient satisfaction scores (1--10) are given as average scores.

OSS, one-stop surgery.

The number of endoscopic, converted and primary open procedures are given in [table 3](#T3){ref-type="table"}. Reasons for conversion to open surgery were anatomical variations, insufficient space or pain during dissection or at the attempt to introduce the endoscopic guide tube. There was little difference in symptom relief between the endoscopic and the converted procedure. With the planned open procedure, however, which was conducted only in selected cases with severe neurological deficits and in reoperations, fewer patients experienced symptom relief ([table 3](#T3){ref-type="table"}).

###### 

Residual symptoms, effect score and SSI according to surgical technique

                                             Endoscopic   Converted   Primary open
  ------------------------------------------ ------------ ----------- --------------
  Number of operated hands (patients)        487 (366)    140 (108)   56 (33)
  Hands (%) free of any symptom              67           66          43\*\*\*
  Hands (%) with symptoms                    33           34          57\*\*\*
   Wake up at nights (%)                     6            8           29\*\*\*
   Constant symptoms (%)                     11           7           23\*\*
   Weakness (%)                              18           20          30\*
   Worsening (%)                             16           22          30\*\*
   Paresthesies (%)                          21           26          38\*\*
   Pain (wrist) (%)7                         11           9           29\*\*\*
   Pain (palm) (%)                           7            7           13
  Self-reported VNRS score of 1--10 (mean)                            
   Effect of surgery in the hand             8.9\*        8.9         7.4\*\*\*
   Level of information                      9.1          8.9         9.3
   Overall impression                        9.1          8.9         8.9

The numbers and percentages (%) of operated hands with residual symptoms and self-reported scores (1--10) on a 10-point scale (1=very unsatisfied, 10=very satisfied) are listed according to surgical technique of the endoscopic, converted and planned open procedures. The level of statistical significance (p~uncorrected~) level was chosen at p\<0.05 (\*), p\<0.01 (\*\*) and p\<0.001 (\*\*\*). The patient satisfaction scores (1--10) are given as the average mean score.

SSI, surgical site infection; VNRS, verbal number rating scale.

Of the 164 patients discharged from the OSS clinic without surgery, 19 (12%) were operated in another facility at a later stage. The 19 patients undergoing surgery in another facility after having been discharged from our clinic without surgery had at time of follow-up not improved when compared with the remaining 145 patients discharged without surgery who had never undertaken surgery at time of follow-up.

Complications {#s4}
=============

None of the 683 procedures resulted in severe complications. However, from review of patient journals in an additional 212 patients who did not complete or declined to participate in the follow-up interview, one patient developed reflex sympathetic dystrophy and another patient had damage to the recurrent muscular branch of the median nerve after surgery. The follow-up interviews did not reveal any complications unknown to the surgeons, except for a few patients treated with antibiotics for suspected SSIs ([table 4](#T4){ref-type="table"}).

###### 

Complications and reoperations

                                                            No    \%
  --------------------------------------------------------- ----- -----
  Procedures                                                683   
  Complications other than SSI                              16    2.3
   Excessive bleeding during surgery                        1     0.1
   Severe spasms (reschedule for generalised anaesthesia)   1     0.1
   Severe pain (admitted 24 hours)                          1     0.1
   Reoperations                                                   
    Postoperative haematoma                                 1     0.1
    Deep infection                                          3     0.4
   No effect or recurrence                                  5     1.0
   Worsening                                                2     0.3
   Tenosynovitis                                            1     0.1
   Granuloma                                                1     0.1
  Antibiotic use (suspected superficial SSI)                34    5.0

The complications, reoperations and suspected superficial SSI are listed in all 683 procedures conducted in patients referred to the OSS clinic in the 7-year period 2003--2009 and included in the long-term follow-up interview.

OSS, one-stop surgery; SSI, surgical site infection.

The use of antibiotics for suspected SSI was 5% and significantly higher for the converted procedure. The rate of suspected SSI did not vary with patient age or gender but differed between surgeons (1.3%--11.8%) and was significantly higher for two surgeons. Other complications did not relate to the surgical technique or a specific surgeon. Patients treated with antibiotics with or without microbiological confirmation of SSI were more likely to report residual symptoms at time of follow-up, but their self-reported satisfaction score of the effect of surgery (8.7) was not reduced as compared with patients not treated for SSI. Patients with complications other than SSI had significantly lower self-reported satisfaction score of the effect of surgery (6.3).

Discussion {#s5}
==========

We have shown that OSS for CTS in our setting is safe and provides good long-term symptom relief and a high self-reported satisfaction score. The effectiveness of CTS is usually reported to be very high, although patients might still have some residual symptoms. Consistent with other studies of symptom relief after non-OSS,[@R7] we found that two-thirds of patients were completely free of even minor residual or scar symptoms, and an additional group of patients benefitted from surgery to some extent. Non-operated patients had less symptom relief at long-term follow-up, which raises the concern that they could have been discharged in the presence of a CTS requiring surgery. However, the patients in this group who went on to have surgery in a later stage in another facility had no benefit compared with the patients who never had an operation, which does not support this assumption.

The results of CTS are often evaluated by physical findings, while patients might be more concerned about symptoms and functions, and symptom relief is the strongest predictor of satisfaction as compared with other outcome measures such as improvement of function.[@R9] We demonstrate a good outcome with OSS for CTS in regard to symptom relief and high self-reported satisfaction scores. Others have demonstrated that patients with more severe symptoms and functional impairment assign higher importance to relief of symptoms,[@R11] which is in line with the higher satisfaction scores in the operated patients observed in our study. A non-OSS follow-up consultation for patients discharged without surgery could potentially increase patient satisfaction and safety in this subgroup of patients.

Equivalent to others,[@R3] we found good symptom relief in the elderly patients. The only factors significantly associated with poor outcome are polyneuropathy, arthrosis or atrophy of the thenar. Although diabetes, excessive alcohol use and age \>70 years have previously been suggested to be poor prognostic factors, we did not find this. Therefore, in our OSS clinic, we perform surgery in the elderly and in patients with these comorbidities when otherwise relevant.

SSI was the most frequent complication, and the complication rate in the OSS clinic other than SSI was similar to that found in other studies.[@R7] Since SSI is the most frequent complication and major complications are rare, minor morbidities such as SSI may have a disproportionate impact on the perceived quality of care.[@R20] The true incidence of infection is not clear since SSIs are evident only after the patient is discharged and rates derived from hospital records may be underestimates because of incomplete ascertainment.[@R20] As in Atherton *et al*,[@R23] we believe that SSI is probably overdiagnosed and overtreated. In accordance with Harness *et al*,[@R24] the higher infection rate did not differ significantly between genders.

We collected data from interviews by professionals related to the clinic, and recall bias represents a threat to the internal validity of this retrospective study, as it can be a challenge for the interviewed to recall the past. The risk of recall bias, however, can be reduced when the interviewer encourages the study participant to reflect and think through responses before answering.[@R22] Self-administered questionnaires generally result in a worse reported outcome than telephone interviews.[@R26]

Cochrane reviews did not favour the endoscopic technique or the open surgical technique.[@R19] The complication rates in the OSS clinic other than SSI was similar to other studies.[@R7] In our OSS clinic, primary open surgery was conducted in cases of severe neurological impairment or reoperations, which could account for the less good symptom relief observed in our study with the planned open procedure. As in the study by Beck *et al*,[@R18] we did not find a difference in symptom relief between the converted and endoscopic procedure.

Our findings are applicable to outpatient clinics with surgical facilities. However, other one-stop clinics also include neurophysiological evaluations. Offering relevant neurophysiological evaluation, home kits and instructions for suture removals, resolvable stitches along with more strict preselection and improved information could provide a more genuine OSS service from the patient perspective and not as in our present practice, where the one-stop concept in reality mostly applies to the surgeon.

Conclusions {#s6}
===========

Increasing demands on the healthcare system call for exploration of new approaches to patient management. OSS can increase patient satisfaction and reduce medical and socioeconomic costs. We found that OSS is safe and associated with high self-reported satisfaction scores and a long-term symptom relief comparable with that of non-OSS patients. We recommend OSS as the standard procedure for surgical treatment of CTS.

![Flow chart of all referred patients (n=671) participating in the follow-up study. The patient was discharged from the clinic without surgery for the following reasons: (1) redirection to another surgical facility, (2) patient declined surgery and (3) the surgeon did not find an indication to perform carpal tunnel decompression on the referred patient. OSS, one-stop surgery.](bmjopen-2017-016103f01){#F1}
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